Postpolypectomy perforation occurred in one (0.4%) patient.
Background
Colonoscopy is a technically demanding procedure with the potential to cause harm if its performance is suboptimal. It is incumbent on endoscopists, therefore, to evaluate their practices and to make improvements wherever possible. Bolak Eldakror Hospital is a secondary-care governmental hospital in Egypt in which we set up an endoscopy quality-assurance program in 2003. Aim The aim of this study was specifically to evaluate the quality of colonoscopy practice in our endoscopy unit and by publishing our experience to encourage others to develop a quality-improvement program.
Patients and methods
Predetermined international quality indicators for colonoscopy were employed to monitor the standard of endoscopic procedures between 2010 and 2014. Recorded information included all medical and technical details. Results A total of 286 colonoscopies were assessed. The main indication of colonoscopy was hematochezia (58.7%). Polyps were the main endoscopic findings (34.6%). Conscious sedation was used in 56.6%. Cecal intubation was achieved in 77.6%. The adjusted cecal intubation was 94%. Image documentation of cecal intubation was achieved in 92.3% examinations reaching the cecum. Mean cecal intubation time was 17.4±10 min. Mean withdrawal time was 6.6±4 min. The main reasons for unsuccessful cecal intubation were impassable mass or stricture in 23 (8%) colonoscopies and poor bowel preparation in 23 (8%). Colon preparation was rated adequate in 66.4%. Diagnostic colorectal biopsies for those with persistent diarrhea were obtained in 97%. Polyp detection rate was 36.1% and adenoma detection rate was 5.3%. Polypectomy was carried out in 89 (93.6%) patients with detected polyp/s. Retrieval of all excised polyps was successful in 84.3%.
Introduction
Colonoscopy has become an essential investigation for screening, diagnosing, and treating colorectal problems. However, it is a technically demanding procedure with the potential to cause harm if its performance is suboptimal. Because the procedure is highly operator dependent, standards vary greatly both between individuals and endoscopy units [1] . Highquality colonoscopy maximizes its benefit but poor quality is associated with increased interval cancer rates [2] . A high cecal intubation rate is commonly regarded as a surrogate marker for good quality [3] . The United States Multi-Society Task Force on Colorectal Cancer has recommended that clinicians should achieve a cecal intubation rate of at least 90% overall and 95% in screening colonoscopies. Reported rates, however, range from 76 to 99% [2] . This wide variation suggests that the quality of colonoscopy provided in some centers is poor [4] . The skill and performance of the individual endoscopist is the most important determinant for successful cecal intubation [5] . Professional societies have recommended that a system of continuous quality improvement should be part of every colonoscopy service [6] . A study in the UK in 2004 showed that the crude colonoscopy completion rate (CCR) improved from 60 to 88% after the implementation of a quality-improvement program [7] . In a repeat nationwide audit in the UK in 2011, the average CCR had increased to 92.3% [8] .
Colonoscopy is generally safe, accurate, and well tolerated. However, it is incumbent on endoscopists to evaluate their practice and continue to improve. This concept of 'quality improvement' is not possible unless a series of suitable quality indicators have been identified and are then monitored and evaluated by tracking outcomes. This article describes how to identify quality indicators, how to monitor and evaluate them, and also shows that even in a small unit the quality of colonoscopy can be greatly improved by applying the lessons learned.
Bolak Eldakror Hospital is a secondary-care governmental hospital in Giza, Egypt. The gastrointestinal endoscopy unit was set up in 1999. Diagnostic and therapeutic upper and lower endoscopies are performed. The endoscopy unit has a low colonoscopy volume (<100 colonoscopies per year). An endoscopy quality-assurance program was instituted in 2003 [9, 10] . This initially involved setting standards of practice and designing an approved training program. The team was strengthened by high-level consultant input. Quality indicators recommended by the American Society of Gastrointestinal Endoscopy (ASGE) and British Society of Gastroenterology (BSG) were identified. Protocols were developed. Worksheets (medical and technical) were established. Benchmarking was used to detect shortcomings and deviations from the recommended standards. Outcome indicators were used to evaluate and monitor the quality of endoscopic procedures. Procedures were assessed with an emphasis on improving performance. Regular audits were conducted. We previously reported an improved colonoscopy adjusted completion rate (ACR) from 60% in 2004 to 100% in 2009 following the implementation of a quality-assurance/improvement program [10] . This improved rate of technical success encouraged us to evaluate a wider range of quality indicators that included 'appropriateness of indication', 'diagnostic yield', 'adequacy of colon preparation', 'withdrawal time', 'adenoma detection rate (ADR)', and others to define areas for continuous quality improvement based on new recommendations from professional societies. The aim of this study was to evaluate the quality of our colonoscopy practice between 2010 and 2014.
Patients and methods
The quality of colonoscopic procedures was assessed over a 4-year-period between January 2010 and January 2014. All patients who underwent colonoscopy in Bolak Eldakror Hospital, Egypt, were included in the study.
All patients were prescribed a standard bowel preparation consisting of a low residue diet for 48 h, with clear fluids only for the last 24 h, and a purgative (castor oil) to be taken for the last 12 h before the procedure. An enema was given twice at night and immediately before the procedure. Polyethylene glycol preparations and sodium phosphate were not available in the hospital. The quality of bowel preparation was graded as excellent (completely clear), good (clear liquid aspirable stool), fair (semisolid debris, adhering to the colonic mucosa and not allowing adequate vision of the whole mucosa), or poor (solid stool, not allowing adequate progression of the endoscope and leading to subsequent termination of the procedure) [11] . The quality of bowel preparation was graded as 'excellent' or 'good' for adequate bowel preparation, and 'fair' or 'poor' for inadequate bowel preparation [12] . Consent for colonoscopy was obtained from the patient by the endoscopist in the examination room. In children, consent was obtained from the parents or guardians. A sedation protocol was developed. For adults and elderly patients who had an American Society of Anesthesiology (ASA) score greater than or equal to 3 colonoscopy was performed using conscious sedation (midazolam 5 mg and pethidine 50 mg, intravenously, combination) with midazolam 2.5 mg and pethidine 25 mg, intravenously, combination. Pethidine was routinely administered before midazolam. Reversal agents (flumazenil and naloxone) were available. Colonoscopy in patients under 18 years of age was performed under general anesthesia (propofol or ketamine) with the assistance of an anesthetist who attended all procedures using deep sedation. In all patients, intravenous access was established with a standard cannula. Supplemental oxygen was administered to all patients during the procedure. Full and continuous monitoring was performed during the procedure. Colonoscopies were performed by a competent endoscopist and a trainee under the supervision of the senior endoscopist. The endoscopist had received supervised training for his first 200 diagnostic colonoscopies and 30 polypectomies before the onset of the study. Two adult colonoscopes (Olympus CF-230L/I, and CF-EL; Olympus, Tokyo, Japan) were used. Polypectomy was performed with a diathermy snare and electrosurgical unit (Olympus PSD-20; Olympus). Pure coagulation current was used for polypectomy. Removal, retrieval, and collection of polyps were performed with a snare, cold biopsy for diminutive polyps, polyp retriever and polyp trap.
The quality standards for colonoscopy (benchmarks) we aimed for were as follows: complete examination of the colon (cecal intubation rate ≥90% overall), image documentation of cecal intubation 100%, cecal intubation time (CIT) less than 15 min, withdrawal time during negative colonoscopy greater than or equal to 6 min, an adequate quality of bowel preparation of greater than or equal to 90%, diagnostic colorectal biopsies for persistent diarrhea 100%, and a 90% retrieval rate of all excised polyps for histological analysis [11] [12] [13] . ADR was recorded but this varies widely according to world geography. Data from Egypt are limited, and thus no specific ADR standard can be laid down at present.
A standardized data collection form (sheet) was completed for each patient. Recorded information included all medical and technical details. Recorded medical information included demographic data (age and sex), indication for the colonoscopy, presence of comorbidities, patients risk stratification (ASA score), endoscopic findings, and histology follow-up. Recorded quality parameters included cecal intubation, landmarks for cecal intubation, image documentation of claimed cecal intubation, CIT, reasons for failed and aborted colonoscopy, withdrawal time during negative colonoscopies, sedation practice, quality of bowel preparation, diagnostic colorectal biopsies for persistent diarrhea, procedures with polyps, polypectomy practice, procedures with adenoma, and complications.
Colonoscopy was defined as complete if the cecum was reached. The landmarks used for successful cecal intubation were a combination of signsindentation or transillumination in the right iliac fossa and view of the appendix, the triradiate fold, the ileocecal valve, or the terminal ileal mucosa. Unadjusted cecal intubation was defined as CCR and adjusted cecal intubation as ACR. ACR was calculated by excluding the factors beyond the endoscopist's control (failure due to poor bowel preparation, equipment failure, impassable mass or stricture) and cecal intubation based on reliable landmarks only (visualization of ileocecal valve or intubation of terminal ileum). Polyp detection rate (PDR) and ADR were calculated after excluding the procedures abandoned due to poor preparation.
Data were collected, documented, and evaluated. A database was created for all procedures performed. Microsoft Excel [Microsoft Corporation, Redmond, WA 98052-6399, United States] was used for recording and analysis of the data. Annual audits were conducted to monitor performance. The results of the audits were presented to the team for their information and analysis. Observed deviations were identified and corrective measures were implemented. Between 2010 and 2014 annual quality-assurance reports were transmitted to an independent experienced endoscopist with particular interest in quality assurance for comment and advice.
A total of 286 patients underwent colonoscopy over the period 2010-2014. Sixty-five colonoscopies were performed in 2010, 75 in 2011, 63 in 2012, and 83 in 2013.
Results
A total of 286 colonoscopies were assessed. The mean patient age was 25.1±22 years, and 53.5% were males. The patients' characteristics are shown in Table 1 . In 276 (96.5%), the colonoscopy was performed because of symptoms, whereas in nine (3.2%) it was performed for follow-up (surveillance) of polyps or ulcerative colitis, and in one (0.4%) for screening. The indications for colonoscopy are detailed in Table 2 . Of the 286 colonoscopies, 81 (28.3%) were normal. Abnormal findings are detailed in Table 3 . A significant lesion was found in 144 (50.4%) cases if we considered only the presence of polyps, inflammatory bowel disease, arteriovenous malformations, and tumors. All procedures were performed according to the protocol stated above. Conscious sedation was used in 162 (56.6%) colonoscopies and general anesthesia in 124 (43.4%). The mean dose of midazolam was 4.2 mg (1-5) and of pethidine it was 38.5 mg (20-50). In elderly patients or those with an ASA score greater than or equal to 3, the mean dose of midazolam was 2.4 mg (1-3.5) and of pethidine it was 23.9 mg (20) (21) (22) (23) (24) (25) . The dose of propofol or ketamine depended upon the duration of the procedure and was determined by the attending anesthetist. CCR was achieved in 222 (77.6%). The landmarks used to determine successful cecal intubation were the ileocecal valve [117 (40.9%)], terminal ileal mucosa [102 (35.7%)], indentation in the right iliac fossa [two (0.7%)], and the triradiate fold [one (0.4%)]. The reasons for unsuccessful cecal intubation were impassable mass or stricture in 23 (8%), poor bowel preparation in 23 (8%), looping in seven (2.5%), angulation in three (1.1%), equipment failure in three (1.1%), repeat examination to remove a polyp in three (1.1%), fixed colon in one (0.4%), and inadequate sedation in one (0.4%). ACR was achieved in 219 (94%) colonoscopies. Ileal intubation was systematically attempted in patients with chronic diarrhea and was achieved in 72.7%. Image documentation was achieved in 205 (92.3%) of those in whom cecal intubation was claimed. Mean CIT was 17.4±10 min. Mean withdrawal time during negative colonoscopies was 6.6±4 min. The quality of colon preparation was graded as excellent in 129 (45.1%), good in 61 (21.3%), fair in 73 (25.5%), and poor in 23 (8%). Thirty-three (11.5%) patients presented with persistent diarrhea. Biopsies were obtained in 32 (97%) of these. Biopsies were not obtained in one (3%) because of poor bowel preparation. Microscopic colitis was diagnosed in five (20%) of 20 patients with watery diarrhea and normal-appearing mucosa.
Ninety-five (36.1%) patients had polyps. Mean age was 18 years (range: 6-73 years). Polypectomy was performed in 89 (93.6%) of the patients in whom polyps were detected − in 79 using snare polypectomy and in 10 using cold forceps excision. A total of 243 polyps were resected altogether, of which 236 (97.2%) were retrieved. All polyps were judged to have been completely removed in 76 (85.4%) colonoscopies. Retrieval of all excised polyps was successful in 75 (84.3%). Polypectomy was not performed in six colonic examinations with solitary polyps. Three of these were in close proximity to a colorectal cancer and they were referred for surgery. Two polyps were missed during withdrawal and in a third case malfunction of the electrosurgical unit prevented removal. Juvenile polyps were found in 51 (19.4%) patients, hyperplastic in nine (3.4%), inflammatory in six (2.3%), and adenomas in 15 (5.9%). Ten of these were tubular adenomas, three were tubulovillous, one was a flat adenoma, and one a villous adenoma. Histology was not available in 14 (5.3%) patients. PDR was 36.1%. Excluding those patients in whom histology was not available the ADR was 5.3%. Nine (3.2%) adverse clinical incidents were recorded. Vomiting was seen in seven patients; these were resolved spontaneously without need for treatment. In one patient there was slight postpolypectomy bleeding that resolved spontaneously and in another patient there was thermal injury. Postpolypectomy perforation occurred in one (0.4%) patient, who was then managed surgically.
The CCR, ACR, CIT, image documentation of claimed cecal intubation, withdrawal time, quality of bowel preparation, diagnostic colorectal biopsies for persistent diarrhea, PDR, and ADR among years studied are shown in Figs 1-7. *More than one finding. **Procedure was aborted immediately after insertion due to bad preparation.
Figure 1
Crude completion rates and adjusted completion rates in the studied years.
Discussion
The effectiveness of colonoscopy is dependent upon its quality [14] . Population studies show that patients are at a lower risk for developing interval cancer if the endoscopist's cecal intubation and ADR are high [15] . Therefore, the quality of the examination has an important impact on patient outcome. This has led to a demand for routine assessment of quality indicators in colonoscopy services, particularly in screening cases [16] .
Bolak Eldakror Hospital is a secondary-care governmental hospital in Giza, Egypt. Our unit has a relatively low colonoscopy volume, but despite this we intended to provide our patients with a high-quality service in line with recognized international standards. To achieve this we instituted a quality-assurance program Image documentation of claimed cecal intubation in the studied years.
Figure 3
Cecal intubation time in the studied years.
Figure 4
Withdrawal time during negative colonoscopy in the studied years.
Figure 5
The quality of bowel preparation in the studied years.
Figure 6
Diagnostic colorectal biopsies for persistent diarrhea in the studied years.
Figure 7
Polyp detection rates and adenoma detection rates in the studied years.
in 2003 and following this we showed that our colonoscopy ACR had risen from 60% in 2004 to 100% in 2009 [10] . This technical success encouraged us to evaluate a wider range of quality indicators including 'appropriateness of indication', 'diagnostic yield', and others relating to the procedure itself: 'adequacy of colon preparation', 'sedation practice', 'image documentation of cecal intubation', 'CIT', 'withdrawal time during negative colonoscopy', 'diagnostic colorectal biopsies for persistent diarrhea', 'PDR', 'ADR', 'polyp recovery', and 'complication rate'. Benchmarking was used to detect shortcomings in our practice; where there were deviations from recommended standards we adjusted practices aiming for maximum efficiency within our available resources. By monitoring these new quality indicators, we were able to define an area for continuous quality improvement (poor bowel cleansing). According to international guidelines it should be possible in routine practice to achieve a CCR of 90%, ACR of 94%, CIT less than 20 min, an adequate quality of bowel preparation in greater than or equal to 85%, and photo documentation of cecal intubation in 95% [7, 11, 15, [17] [18] [19] . ASGE and BSG guidelines also recommend a withdrawal time greater than or equal to 6 min, all patients with persistent diarrhea should have diagnostic colorectal biopsies, and there should be a 90% retrieval rate of all excised polyps [11, 20] . Our aim was to determine whether a small unit such as ours could achieve these quality benchmarks and in the light of our results to reevaluate our protocols.
Eighty-nine percent of our patients underwent colonoscopy for an indication considered appropriate or 'generally indicated', according to the ASGE guidelines. Reports from the USA, Italy, and Switzerland have shown the number 'appropriate' of examinations to range between 61 and 66% in open-access colonoscopy settings [21] [22] [23] . Eleven percent of our patients underwent colonoscopy for reasons considered inappropriate by the ASGE guidelines (unexplained abdominal pain, change in bowel habit, and rectal prolapse); however, 25% of these did, in the event, turn out to have significant lesions. The Italian Society of Digestive Endoscopy accepts 'persistent and significant alteration of bowel habit and chronic abdominal pain' as an appropriate indication for colonoscopy to rule out the disease [24] . The Standards Practice Task Force of the American Society of Colon and Rectal Surgeons has also recommended that colonoscopy can be used selectively in patients with rectal prolapse to define the diagnosis and identify other important pathology [25] . Overall, 50% of our patients had significant lesions. This result is higher than the anticipated diagnostic yield of colonoscopy as stated in the literature (15-45%) [26] . Fifty-six percent of our patients were under the age of 20 years and 45% of them had polyps. This may explain the higher rate of significant lesions in this study. Conscious sedation was used in 56.6% of our colonoscopies, which is in line with ASGE and BSG guidelines. Sedation overdosage (midazolam 3.5 mg) was given in one (0.4%) patient: he was 62 years old with coronary heart disease and underwent therapeutic colonoscopy. We experienced no sedation-related complications.
Annual assessment showed that quality was maintained over the years studied (Figs 1-7) . CCR was 75.4-78.7% and ACR 92.3-96.7%. Apart from CCR, our colonoscopy practice met the accepted standards. Improved CCR could be achieved if we can correct reversible reasons for incomplete colonoscopy (mainly poor bowel cleansing). Colon preparation was rated adequate in only 66.2% of the colonoscopies and poor bowel cleansing was responsible for failure of cecal intubation in 23 of the 64 (36%) CCR failures. Poor preparation was due to the type of preparation used, lack of compliance with instructions, and noncooperation. We tried to improve the quality of bowel preparation by adding magnesium citrate (12 sachets twice daily on the previous day of the procedure), more time was spent with the patient to explain the importance of taking the preparation and following instructions to improve bowel preparation, and frail patients were admitted to the ward for bowel preparation. These measures were also unsuccessful. The quality of preparation in our patients would be improved by the use of modern proprietary formulations using polyethylene glycol with split dosing. Polyethylene glycol preparations became available in the hospital in 2015 and we plan to report its effect in the future.
A total of 243 polyps were resected, of which 2.8% were not recovered for pathological examination. In two studies from the UK and France, 7.7 and 12% of resected polyps were not recovered; the accepted standard in the USA is less than 5% and less than 10% in the UK [4, 8, 27, 28] . Our ADR, in all patients, was 5.3% (1.5-8%). Our ADR findings are similar to those reported from other countries in our area. During routine colonoscopy practice, a study from Kuwait showed a PDR of 12.5% and ADR of 10% [29] .
Another study from Nigeria showed the overall PDR to be 16.1% and ADR 6.8% [30] . A study from Egypt reported a PDR of 18.9% and ADR 3.7% [31] . Another study from Egypt showed the PDR to be 16% and ADR 6% [32] . In patients undergoing screening colonoscopy, the ASGE expects an ADR of at least 25% in men and 15% in women aged greater than or equal to 50 years [11] . The incidence of both adenomas and colorectal cancer, however, is much lower in Egypt than in the USA. Furthermore, the age profile of our colonoscopy patients (mean: 25.1 years) was considerably lower than that in the West. Postpolypectomy perforation occurred in one patient (0.4%) and was managed surgically. The rate of perforation stated in the literature is 0.03-0.8% for diagnostic colonoscopy and 0.073-3% for therapeutic colonoscopies [26] .
To our knowledge this is the first study to assess colonoscopy practice in Egypt using robust and externally adjudicated outcome measures. It demonstrated that a small endoscopy unit in a government hospital can achieve high-quality colonoscopy comparable with published international standards and performance benchmarks. We hope that our results will encourage other endoscopists in other government hospitals. Our work should give confidence to those who have not yet started on the quality road but who wish to provide a high-quality service to their patients. The detailed long-term experience we have recorded here should enable those intending to start a process of quality improvement to tackle it in a gradual, incremental, and logical way. In our experience it is difficult to try to do everything at once; it is better to build up the range of quality parameters to be monitored and improved gradually over a longer period.
Our data will be useful for local benchmarking, which is an essential element in quality improvement. Practices should implement internal benchmarking (through data collection) and external benchmarking (through comparing data with the GI Quality Improvement Consortium in the USA and Global Rating Scale in UK) [33, 34] . Benchmarking is followed by implementing a continuous qualityimprovement process with prospective monitoring that is continuously assessed. Our study had a few limitations: patients' and endoscopists' satisfaction was not evaluated and this being a single-center study, it does not necessarily reflect what is really happening on a national level.
In conclusion, a high standard of colonoscopy can be achieved by the rigorous application of quality-assurance measures.
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